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The research presented in this thesis addresses the issue of supporting information systems development using tailorable automated support for information systems design activities. Information systems development is mostly about making improvements to available systems to include new functionality according to changing business requirements. Therefore, the information systems development process must be able to be adjusted to such changing organizational demands. For years academic and commercial initiatives have been undertaken to try and automate the information systems development process for including mechanisms for engineering systems development approaches. Considerable progress was been made by isolating particular issues and providing solutions with certain trade-offs of limited flexible modeling support, but those available solutions have failed to address the requirement for full flexibility when supporting an arbitrary modeling technique. This study shows that it is possible to integrate the concept of Computer Aided Method Engineering into Computer Aided Systems Engineering environments that facilitate the design and construction of arbitrary modeling techniques to support information systems development.

Research questions
It has been observed that practicing information systems engineers are faced with different information modeling needs according to problem situations identified in the business change process. The problems that have been identified in association with methods and Upper CASE tools suggested the need to be in a position to validate the following:
"the automated support of information systems analysis and design should be tailored to the information modeling needs of a specific problem situation[image: ]
In spite of advances in the CASE area with meta model based repository architectures, there lacked evidence of modeling environments can be tailored according to modeling requirements of a problem situation. Therefore, the three research questions given below were formulated.
· How can the functionality of an information systems analysis and design environment be described so that the description is adequately flexible to address the information modeling needs of a specific problem situation?
The first research question explore the feasibility of flexible support at the analysis and design stage of information systems development and serves as a starting point for obtaining a concise statement of what a repository does. Up to this point of time no one has done this in a lucid way (if at all). A promising perspective was to look at the field of Upper CASE environments as an integrating research area for meta modeling and object oriented service specification. The second research question relates to the architecture of such an environment:
· How can the description of a flexible information modeling environment be represented as architectural building blocks of the information systems analysis and design process'?
The understanding gained from this research question is the accomplishment of a major paradigmatic revision of how CASE environments are conceived and implemented, with the benefit to information systems engineers of more easily adaptive generic repository services. The aim, therefore, lead to the development of an Upper CASE environment that can address adequately the flexible support needed in the information systems analysis and design stage. Thus, the third research question:
· Is it possible to engineer a tailorable automated modeling support environment for information systems analysis and designing work which will be beneficial to practicing information systems engineers?

This thesis addressed the issue of supporting information systems analysis and design work by providing tailorable automated support according to the information systems modeling needs according to problem situations. It has observed that automated support tools have become the primary means of support at the systems analysis and design stage. and also that the automated support tools then used by information systems engineers such as CASE[image: ]Upper CASE, MetaCASE or IPSE, did not meet the expectations of the information systems designers. This observation stimulated to approach the issue of a modeling support environment that can be tailored according to arbitrary modeling techniques used for information systems analysis and design activities. The overall objective was to find a way to integrate the conceptual model of the flexible information modeling environment that represents the way of modeling and working of information systems modeling techniques and the computer aided systems engineering environment technology. The research is based on the supposition that the service object based conceptual model that represents the way of modeling and working of information systems design techniques can provide the architectural building blocks of a tailorable automated support environment to provide Computer Aided Engineering (CAME) support, for design and generation of modeling techniques according to the problem situations. Based on this premise defined a theory for formulating and structuring the functionality of an information systems analysis and design environment, that combines the services required according to a situation and their automated support, in a consistent, way. Next hypothesized that the theory leads to a conceptual model of a flexible and tailorable CAME environment through implementation of the conceptual framework. The large part of this thesis contains a report on the evaluation this theory and the supporting environment. 

Review of Hypotheses
Recall that the process of information systems analysis and design is viewed as the stages of method engineering of required modeling techniques and the analysis and design of the information system using such generated tools. The method engineering of the required modeling techniques involves the identification of the required modeling primitives that are required according to the problem situation as well as the design of a meta model of the desired modeling approach. The resulting meta model constitutes a conceptual model that describes the information architecture of the required modeling tool according to the problem situation. During the generation of the modeling tools, the information architectures or the identified building blocks of the required modeling tools are provided with the required graphic representations according to the notational conventions of the modeling tools. This results in an Upper CASE tool or ill an automated way of support for information systems analysis and design activities according to the problem situation requirements. The actual analysis and design of the information systems architecture of the problem area takes place using the generated tools- The crux of this tailorable way of support can be expressed by four hypotheses.
Hypothesis 1: A flexible modeling environment can be represented adequately by considering it to be a configuration of service objects of main functionalities of information systems analysis and design activities.
It has been explained that the functionality of an information systems modeling environment refers to a configuration of main services. This set provides the required combinations to represent flexible modeling environments. The services give an indication as to how to specify the boundaries within which a certain functionality can be looked for. Their purpose is to help in identifying the required functionality of an information systems modeling environment that can be tailored to the requirements of problem specific modeling techniques. Therefore, a configuration of service objects represents the main functionality of the information systems analysis and design activities that is required according to the problem situation within flexible modeling environments.

It has been shown that it is possible to define a service object concept that allows the main functionalities of a CAME environment to be represented. The case example reported indicated that the service object based CAME environments functional description can indeed provide a good basis to identify the required service objects to fulfill a particular functionality. It is also shown that it is possible to define a set of concepts, constraints and interactions that allow a sharp distinction between service objects to specify the services within such a service object. The service object model proves to be a useful instrument for delineating the boundaries and the services of the solution environment that are required eventually. It provides a confirmation of the feasibility of a service object based environment to support design of information architectures of modeling techniques and generate modeling tools for analysis and design activities. The case studies reported indicate that the specification of the main functionalities of information systems analysis and design activities as service objects can produce quite effective flexible and tailorable modeling environments. 
The next hypothesis is essential to the theory that the service objects are the main building blocks of a flexible information systems analysis and design environment that can be specified as such.
Hypothesis 2: The primitives of a service object represent the actual environment's functionalities, and provide adequate architectural building blocks of information systems analysis and design processes.
As it is demonstrated that it is possible to specify service object primitives in such a way that the specification provides the architectural building blocks of the information systems analysis and design process. The formal specifications of service objects agree with hypothesis 2, while the service objects provide the definitions of the information systems analysis and design techniques and their generation as demonstrated in the thesis. The definitions offer sufficient expressive power and the flexibility to represent the generation of an arbitrary modeling technique to accommodate information systems analysis and design according to the problem situation. 
The third hypothesis relates to the technical feasibility of an environment, to support flexible information systems analysis and design.
Hypothesis 3: It is possible to develop an automated method engineering environment for information systems analysis and design work by mapping the service object description onto an available object oriented technology.
The specifications of the architectural building blocks of a flexible way of support for information systems analysis and design activities revealed the need for an automated means of support. The feasibility of a service object based Computer Aided Method Engineering (CAME) environment for engineering information systems modeling techniques has been demonstrated. The prototype META CAME implemented in the NeXTSTEP/Ob.jective C platform confirmed that the service object based conceptual model is executable such that flexible modeling support can be realized. 
From an information systems engineer’s perspective, the fourth and the last hypothesis is perhaps the most important one.
Hypothesis 4: A service object based CAME architecture offers problem specific design tools for information systems analysis and design activities.

In view of the results obtained in the case studies reported in the thesis, this hypothesis cannot be rejected. The design and generation of information systems analysis and design tools for the financial and administration systems design activities resulted in a modeling support that could be tailored according to the problem situation needs of a structured analysis and design approach. The design and generation of information systems design tools for the automobile map system resulted in a modeling support that could be tailored according to the problem situation needs of an object oriented modeling approach. The design and generation of information systems design tools described in the thesis yielded a support tailorable to an uncommon modeling approach and to the identification of shortcomings with respect to executability of the representational aspects of a modeling approach. Finally, the design of a database and generation of database presentation tools described the yielded support for a modeling approach according to the problem requirements, and resulted in support for representational independence by providing graphical, matrix and tree structures. It has also been shown that it is possible to define a set of tightly integrated tools that is useful for defining an integrated modeling approach and that the theory and the supporting technology has the capability to evolve into full life-cycle support for information systems development.
Concluding Remarks
First of all, must emphasize that the thesis has demonstrated the feasibility of a basic CAME environment. The support environment requirements that have been determined for arbitrary modeling technique support according to a problem situation, concentrated on modeling, views, storage and manipulation, integrity and consistency and user interfaces services. The full implementation of storage and manipulation, and the integrity and consistency services were avoided to reduce the programming time. When using a CAME environment in reality in information systems design and development activities, the services such as version, distribution, concurrency and security control services must be supported on top of the services already specified to provide services in a distributed and multi-user CAME environment. Such an environment can be realized by concentrating on the theory presented here and extending it with adequate programming activities. It can be state that the realization of a fully functional CAME environment in a CASE that supports the method engineering and full life-cycle phases of information systems design and development is not beyond current capabilities and technologies.

Secondly, the thesis has addressed many flaws found in CASE environments and have introduced a basis for common terminology to allow useful scientific and commercial initiatives to take place. The service object based architecture which separates the conceptual specifications and the representational differences of tools conveys a high level object oriented application program interface for tool repository interaction. The meta meta model of this environment provides flexibility and evolution of the modeling technique specification and use, which is unmatched by any metaCASE tool. The novel modeling technique specification and generation mechanism presented in this study meets the needs of the highly diverse representational paradigms and the information processing capacity that are demanded from systems engineering environments. The integrity and consistency of repository data during concurrent access by different tools is guaranteed in the architectural specifications of the environment. In this respect, we have provided a major paradigmatic revision of how CASE environments are conceived and implemented providing considerable benefits for information systems engineers with easily adaptable generic services that, adequately address flexible support for information systems design activities.

The third remark is that the method engineering approach of modeling technique generation has been directed at experienced practitioners with this  PSM (Predicator Set Modeling) based meta modeling technique. The effectivity of the tool generation depends on the practitioner’s knowledge and experience in meta modeling. This approach can produce equally effective results when less experienced practitioners have mastered the art of meta modeling presented in this study. Learning this technique may take a few weeks for a qualified information systems engineer. Once the meta modeling technique is understood the generation of a required tool is a matter of a few minutes. The environment can also be used for the process of learning the method engineering approach and its meta modeling technique.

The fourth remark concerns the trade-off between the development of a CAME prototype and a commercial tool. This study focused on arriving at an adequate prototype to test the research hypotheses in a reasonable period of time. The research described in this thesis was carried out over a period of four years and the CAME prototype was implemented within a time period of two years involving a number of master’s projects at Delft University of Technology. The fine tuning of the user interface and performance was not considered as the prime target. Therefore, a decision was made to avoid fine tuning of the tool for high performance or for a highly commercial user interface. In the future it is advisable to consider improving the user interface and performance aspects as well as the development of a full life-cycle support environment, for information systems development activities.

As a concluding remark there remains a substantial gap between the design and the development of information systems. Frequently there is a lack of guidance in finding the suitable inforrnation systerns analysis and design approach that can be used to integrate the results into the information systerns development phase. This is not due to shortcornings in the modeling technique generation and use of the theory described in this thesis. The CAME environrnent and the underlying theory provide the basis for tailoring a support environment according to problern requirements. Consequently the design of information architectures of modeling techniques and the generation of modeling techniques to support information systems design according to a problem situation leads to the realization of a tailorable way of modeling and information systems designing. This tailorability will always be obtained regardless of whether the subsequent design approach is successful. The hypothesis that this tailorable way of automated modeling support will provide an effcient way of specifying an integrated set of tools in an information systems analysis, design and development approach that will increase performance in information systems design and developrnent work. Obviously, testing this hypothesis will be an excellent future research.
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